Abstract. The apparent finding of a 125 GeV light Higgs boson would close the minimal Standard Model (SM), that is weakly interacting. This is an exceptional feature not generally true if new physics exists beyond the mass gap found at the LHC up to 700 GeV.
INTRODUCTION
According to ATLAS [1] and CMS [2] , at LHC Run-I a new Higgs boson-like particle has been found. Furthermore, no new particle has been found up to 600-700 GeV for generic searches [3] . So, in fig. 1 we have the picture of the Electroweak Symmetry Breaking Sector (EWSBS) until now: the three would-be Goldstone bosons ω i (i = 1, 2, 3) and the recently discovered light Higgs-like scalar h.
The presence of the mass gap naturally suggests that this Higgs-like particle could be understood as an additional Goldstone boson (composite state) resulting from a strongly interacting EWSBS dynamics. Different models, like the MCHM (Minimal Composite Higgs Model) based on the SO(5)/SO(4) coset, or the dilaton models (based on the spontaneous breaking of scale invariance symmetry), develop this kind of idea.
To simplify the amplitudes enormously we use the Equivalence Theorem [12] , Theorem, we set m H = m W = 0. First we analyse, following [4] , the elastic and inelastic scattering of would-be Goldstone bosons (WBGSs). That is, the channels ωω → ωω, ωω → hh and hh → hh (this last one, though hardly observable at the LHC, is needed to satisfy unitarity). The isospin basis has been used for the three WBGSs ω a (a = 1, 2, 3). The transformation to the charge basis is ω ± = (ω 1 ∓iω 2 )/ √ 2, ω 0 = ω 3 . We employed the non-linear effective Lagrangian with the three WBGSs and a Higgs-like light scalar h, with the W L W L scattering described by the relevant Lagrangian, invariant under parity, custiodial isospin, and up to dimension 8 in fields and derivatives,
where the latin lowercase a . . . g coefficients represent BSM couplings. We now gauge the SM group to extend the Lagrangian density to couple the transverse gauge bosons and the photon following [5] , so we can describe the photoproduction processes the γγ → ω + ω − and γγ → ω 0 ω 0 . The relevant terms of the LO Lagrangian are
and at NLO,
with standard notation
B µν = ∂ µBν − ∂ νBµ (8)
Here,ẽ is the electric charge. To reduce this Lagrangian to a form analogous to Eq. (2) in terms of the lowenergy quanta directly we have used two approaches corresponding to different representations of the matrix field U describing the WBGBs ω ± and ω 0 . The exponential one,
and the more efficient spherical parameterization
where in both cases τ a are the Pauli matrices. As expected, in spite of the different Feynman rules (detailed in ref. [5] ), the resulting on-shell matrix elements for the reactions involving two photons are equal. For the sake of simplicity, we will reproduce here only the simplest effective Lagrangian (without the NLO terms), corresponding to the spherical parametrization,
where
Many different models can be studied at low-energy (i.e., at √ s ∼ 1 TeV) with these effective Lagrangians, by taking different values of the parameters. Particular cases are [9] Notice that the f parameter is a new energy scale whose precise meaning depends on the model considered. Besides, for the SM case, the exposed Lagrangians should be extended to include M W , M Z and M H , since there is a cancellation which leads to a weakly interacting EWSBS, for which the scattering matrix elements would vanish if we neglected these masses. As noted in ref. [4] , unless a 2 − b 0.12 or 10π 2 |e| 0.12 the Higgs mass m h should also be kept.
There being no evidence of double Higgs production, there is no direct bound over the b parameter (ωωhh vertex). The strongest one [11] is over the a parameter (the ωωh interaction). At a level of 2σ (95%), In addition to this bound, the presence of a mass gap up to 600-700 GeV [3] sets constraints over any set of parameters predicting a new resonance below this value.
Although only two candidates for γγ scattering events have been detected until now by CMS [16] , the CMS and ATLAS projects are expected to improve this at Run-II [17] , specially with the dedicated forward detectors CMS-TOTEM and ATLAS-AFP.
We now examine the resulting amplitudes, starting by the photoproduction one. It is remarkable how simple the resulting one-loop amplitude M for the γγ → ωω reaction is, when compared with the complexity of the intermediate computations,
where, shortening the notation so that X( jk) stands for
Next we turn at length to the ωω scattering. For this the Inverse Amplitude Method (IAM) has been used in order to unitarize the matrix element, in a regime (strong interactions) where the perturbative approach would break down. These unitarization methods have been largely and successfully used for the stronglyinteracting QCD case in hadron physics, where there are some results very close to those exposed here [15] , although at much lower energies.
In order to use the unitarization procedures, we have projected the amplitudes over definite orbital angular momentum (the WBGBs carry zero spin), and taken the chiral expansion
Here, µ is the renormalization scale which we will take at the cutoff of the effective theory, µ = 3 TeV. Nevertheless, the dependence on this renormalization scale for fixed values of the coupling constants is shown in fig. 2 for the elastic ωω → ωω scattering (of course, if we employ the calculated running values of the parameters from their renormalization group equation the curve remains fixed). The constants K, D and E and the function B(µ) in Eq. (27) are channel-dependent. For the ωω → ωω scattering, and the scalar-isoscalar channel (IJ = 00),
For the vector isovector (IJ = 11) one,
it is interesting to note that if we decouple the hh channel by setting b = a 2 in this one, D + E = 0 accidentally. This reflects the known fact from the old electroweak Lagrangian that the counterterm combination appearing in this channel is by itself renormalization group invariant, as can be seen by substituting in Eq. (27) and noting the disappearance of µ over the physical values of s (right cut). This feature does not remain in the coupled-channel case where b = a 2 , even as isospin-1 cannot couple to hh; the effect comes from hh exchange in the t-channel. For the scalar isotensor (IJ = 20) one,
and finally, for the tensor isoscalar (IJ = 02),
If b = a 2 the channels are coupled and we need ωω → hh, whose scalar partial wave M J=0 is
with the tensor one M 2 ,
Finally for the hh → hh reaction the T 0 (s) scalar partial-wave amplitude is given by
and the tensor T 2 , by
The unitarity relation for the exact reaction matrixT is
ImT
The one loop computation does not satisfy this exactly, only perturbatively. However, following the IAM procedure, we reach an expression The IAM method, even with a = 1 and all the other BSM parameters but b vanish, introduces a broad resonance in the TeV scale, whose position is represented in fig. 3 . A similar effect has been suggested to occur in fig. 4 , but for the ωω → hh channel. See that the resonance is in the same position in both cases, as expected.
the I = 1/2 resonance oscillating between φ N and K * Λ around 2 GeV [15] , due to the strongly interacting QCD in its low energy regime. The appearance of a pole in the second Riemann sheet can be seen in figs. 4 and 5, whereas in fig. 6 we represent the non-physical appearance of a pole in the first Riemann sheet for a particular set of parameters (which sets the validity limit of the IAM method or of that parameter set).
Two different sets of parameters have been considered. The first one, a 2 = 1, in order for the strong interactions (breaking perturbative unitarity) to come from the ωω → hh channel (prior to unitarization), a novel effect. As expected, due to the higher order corrections taken into account by the unitarization method, the resonance is also in the same position in the ωω → ωω amplitude (figs. 4 and 5) . The second one, the Minimal Composite Higgs Model (MCHM, ref. [8] ), a = 1 − ξ and
Additionally, the authors of [14] studied the reaction to varying a 4 and a 5 . They also studied the regime of parameters for which the unitarization methods give poles in the first Riemann sheet, delimitating the validity region of the method. In figure 7 we show our preliminary computations comparing the IAM with other unitarization methods and that, while specific details may vary, the prediction of a resonance in the scalar channel for b = 1 even if a 2 = 1 is robust. The clearest signature of a strongly interacting EWSBS would be an increment on the scattering sections of longitudinal W and Z bosons and photons. Besides the possible appearance of QCD-like resonances on the scattering channels. In order to quantify these effects, we have plotted the total cross sections in conditions (strong interactions will bring about deviations from this behavior). Perhaps the photon-scattering production, selected by the forward detectors of the LHC detecting an intact proton, or even a future γγ collider, could give a clearer experimental signal.
